For many growing axons, navigating across the midline of the nervous system is a crucial stage of their development. New studies on mice and humans show that the axon guidance receptor Robo3/Rig1 is indispensable for axons to accomplish this task.
vertebrates (reviewed in [7] ). While two of the vertebrate Robos -Robo1 and Robo2 -are highly similar to the fruitfly Robo1, a third, Robo3/Rig1, is more distantly related. Three vertebrate Slits are widely expressed in the midline of the nervous system, as well as in other regions, while spinal commissural axons express Robos. Recent studies have shown that commissural axons fail to exit the midline in slit1, slit2, slit3 triple mutants [8] , while in vitro data show that commissural axons become insensitive to floor plate attraction and sensitive to Slit-mediated repulsion only after crossing the midline ( Figure 1A ,B) [9, 10] . This modulation of repulsion at the midline is reminiscent of the situation in Drosophila. But are the same mechanisms at work? So far no vertebrate homologues of Comm have been identified. Now, two papers [11, 12] have reported evidence suggesting that a key player in modulating Robo responsiveness to midline repulsion is Robo3/Rig1. Amazingly, data from patients with genetic disorders and mouse mutants point to a similar mode of action of this molecule. The human disorder in question is 'horizontal gaze palsy with progressive scoliosis' (HGPPS), an autosomal recessive disease [11] . Horizontal gaze palsy means the absence of coordinated horizontal eye movements, and may be due to defects in the abducens motor neurons of the brainstem, which innervate the lateral rectus eye muscle. The lateral rectus works antagonistically with the medial rectus muscle, which is innervated by the oculomotor nerve; connections between the abducens and oculomotor nucleus -via axons within the medial longitudinal fasciculus which cross the midline -ensures that the two work co-ordinately. A control region, the paramedian reticular formation, provides both crossed and uncrossed projections to the abducens and the oculomotor nuclei. Hence it is possible that defects in either the projections of abducens axons, the medial longitudinal fasciculus or the paramedian reticular formation account for the defects in HGPPS patients.
Jen et al. [11] carried out magnetic resonance imaging on patients from HGPPS families, and showed an abnormal morphology of the brainstem, including a thin floor plate region and deficiencies in the development of major axon tracts and nuclei. Abducens nerves were present, suggesting that failure of the related medial longitudinal fasciculus and paramedian reticular formation pathways to cross the midline might be responsible for the observed symptoms. Electrophysiological studies on four patients then revealed something very unexpected: the axon projections of the corticospinal and dorsal column-medial lemniscus tracts were both uncrossed in these individuals.
The failure of major axon tracts to cross the midline seems extraordinary, especially as it did not seem to lead to significant defects in these individuals. Subsequently, a chromosomal region containing the HGPPS region was scrutinised for promising candidate genes, revealing the presence of the Robo3/Rig1 locus. Investigation of DNA from ten HGPPS patients identified ten different homozygous mutations. Within the HGPPS families, the mutations were homozygous in the affected, but not the unaffected, individuals. Nine of the ten mutations were located in the extracellular domain of Robo3/Rig1, suggesting that the ability to bind Slit might be affected. Together, these data suggest that Robo3/Rig1 is the gene responsible for HGPPS. In situ hybridisation confirmed that Robo3/Rig1 is expressed in the brainstem where crossing events occur. So, Robo3/Rig1 is required for crossing the midline, as in its absence axons project ipsilaterally.
A phenotype strikingly similar to that described in humans occurs in mice lacking the function of Robo3/Rig1. Sabatier et al. [12] first studied the patterns of expression of the Robo genes and found that Robo1 and Robo3/Rig1 mRNAs are co-expressed on commissural neurons before their axons cross the midline; at the protein level, Robo3/Rig1 was seen to be highly expressed on pre-crossing axons, but not on axons after crossing the midline (Figure 1) . Moreover, Robo3/Rig1 was shown to be capable of binding Slit, showing that it is a bona fide Slit receptor. In mice lacking Robo3/Rig1 function, the spinal cord floor plate was thin and fragile, similar to the ventral midline in the brainstems in the HGPPS patients. Immunostaining and axon tracing experiments showed that commissural axons fail to reach the midline in the mutant embryos; they initially project towards the floor plate, but then deflect away (Figure 1C,D) . This results in a dramatic absence of ventral commissures, both at spinal cord and hindbrain levels.
This phenomenon could be explained by the absence of Robo3/Rig1 either affecting the axons' ability to respond to netrin-mediated chemoattraction, or resulting in a premature responsiveness to Slitmediated chemorepulsion. To resolve this issue, Sabatier et al. [12] performed in vitro assays in which pre-crossing commissural axons were confronted with sources of netrin-1 or Slit. Axons from both wild-type and Robo3/Rig1 mutant embryos were attracted to netrin, showing that sensitivity to this ligand was not affected in the mutants. Unlike wild-type axons, which are responsive to Slit only after crossing the midline, pre-crossing commissural axons from Robo3/Rig1 -/-mutant animals showed repulsion; they were also repelled by the floor plate, and this repulsion was overcome by addition of a Slit antagonist to the culture. Moreover, creation of embryos which were deficient in Slits or in Robo1 as well as in Robo3/Rig1 attenuated the phenotype and restored commissure formation. All these data lead to the conclusion that axons deficient in Robo3/Rig1 are prematurely responsive to Slit chemorepulsion.
Therefore, Robo3/Rig1 must somehow mask the repellent effect of Slit until after commissural axons have crossed the midline. How does this happen? One possibility is that Robo3/Rig1 prevents Robo1 from reaching the membrane, in an analogous way to the role of Comm in fruitflies. Immunohistochemical detection of the ectodomains of Robo1 and Robo2 showed that, in wild-type animals, these proteins are present at low levels on axons before crossing, and at high levels after crossing. But no change in the levels of Robo protein was observed in Robo3/Rig1 mutant animals [12] , suggesting that Robo3/Rig1 does not regulate Robo1 protein levels.
Alternatively, Robo3/Rig1 and Robo1 might associate with one another in the membrane. There is a Current Biology R633 
